Verbascum (Mullein) flowers are highly valued as natural remedy for various respiratory diseases. Verbascum anisophyllum Murb. is a Balkan endemic, protected by law and included in the Bulgarian Red Data Book as "Critically Endangered". Thus, a strict conservation policy and a reliable evaluation of its genetic resources are required, considering its narrow distribution range and the increasing risk from destruction of its habitats. Here, we used Inter-simple sequence repeat (ISSR) markers to characterize the genetic diversity and to assess the genetic differentiation between the existing populations of Verbascum anisophyllum in Bulgaria. The level of genetic diversity found herein clearly indicates a long-term potential for adaptability of this endangered plant. Our findings provide important knowledge of population genetic structure of this species, thus representing a strategy for its efficient conservation and utilization.
The Earth is losing at least one undiscovered new drug every two years. Overharvesting and destruction of habitats have placed many medicinal and aromatic plants (MAPs) at risk of extinction. For this reason, their conservation has become increasingly urgent [1] . Understanding of the genetic variation within and among MAPs' populations is essential for establishment of conservation strategies and sustainable utilization of their available genetic resources. Therefore, the molecular and chemical authentication of endangered MAPs should go hand in hand, rather than in isolation in order to identify the 'elite' population for further bioprospecting.
The genus Verbascum L. (common name mullein) comprises about 360 species of flowering plants in the Scrophulariaceae family [2] . Mulleins have been used in traditional folk medicine for treatment of a wide range of human ailments. Verbascum leaves, flowers and whole aerial parts have been widely used for wound healing and treatment of respiratory and inflammatory disorders. So far, several groups of bioactive metabolites from V. lychnitis, V. nigrum, V. phlomoides, V. thapsiforme, V. thapsus, etc. have been reported to posses various biological activities. Other systematically examined species as V. salviifolium, V. lasianthum, V. mucronatum and V. wiedemannianum are rather well studied. On the other hand, the knowledge on some species as V. songaricum, V. sublobatum and V. tzar-borisii is relatively limited [3a,3b] .
Around 770 species or 19% of all plant species in Bulgaria are of pharmaceutical value. A large number of rare species are included in the Red Data Book of the Republic of Bulgaria (http://susherbsbg.eu/en/medicinalplants/).Verbascum anisophyllum Murb. is one of the rarest plant species in the Bulgarian flora. Comprehensive chemical fingerprinting is needed in order to investigate its pharmaceutical potential. Along with the studies for chemical characterization of the species, a reliable evaluation of its genetic resources is required, considering its restricted distribution and the small size of its habitats.
DNA markers play an important role to portray the genetic diversity profile of rare MAPs, due to the number of advantages: they are not influenced by environmental factors; the tests can be performed during any stage of plant development; a small amount of plant sample is sufficient for analysis [4, 5] . Inter-simple sequence repeats (ISSRs) require a comparatively low amount of DNA [6a] , the utilization of long primers allows more stringent annealing temperatures and reveals more polymorphic fragments [6b,6c] . In addition, the development of ISSR markers does not need prior knowledge of the genome to be analyzed. The aim of the present study was to determine the level of ISSR variation in two existing populations of V. anisophyllum in Bulgaria. To the best of our knowledge there are no reports on genetic diversity of this endangered plant. Such data will provide important implications for the effectiveness of any programs devised to conserve and utilize the available genetic resources of this species.
It is generally assumed that plant species with small population sizes have lower genetic diversities than larger populations and vice versa [7a,7b] . Because of the small size and limited area of V. anisophyllum populations, we hypothesized that its level of genetic diversity will be low.
Among 35 ISSR primers used herein, 10 were highly polymorphic and amplified well-distributed fragments with good distinction. The polymorphic loci at the population level ranged from 56.9% to 60.2%, with an average of 58.5%. The Shannon's information index (SI) ranged from 0.211 to 0.354, with an average of 0.283 (Table 1) . The AMOVA analysis points to higher levels of variation among populations (58%) than within populations ( Table 2 ). The STRUCTURE analysis revealed a strong separation between the individuals from population Vukovo (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) and individuals from population Tsarvenyano (21-40) (Figure 1 ). In the two-dimensional PCoA, the individuals clustered strongly according to their population assignation. The first and second principal coordinates responded for 47.5% and 11.0% of total genetic variation, respectively ( Figure 2 ). One possible explanation of our findings is that the outcrossing and long-lived seed plants maintain most of the genetic variations within populations, while predominantly selfing, short-lived species harbor comparatively higher variation among populations [8] .
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V. anisophyllum is an insect pollination outcrossing biennial plant. The age of its populations is unbalanced, since only a small number of plants reach maturity in the second year [9a-9d] . Hence, the observed differences in genetic variations could be contributed to the difference in the number of individuals in both populations, as well as to the low reproductive potential of the species, due to variation of seed production and flowering among the populations.
The ecogeographical differences of investigated populations should also be considered, since they can affect the levels of genetic diversity. Geographic isolation, e.g., by mountains and rivers, was noted among different populations of various plant species, and explained why the genetic diversity differed among the populations [10a-10d, etc.] . In this sense, Bulgarian populations of V. anisophyllum are not geographically distant from each other. Hence, the differentiation among them could be mainly due to isolation originated by its life-history and, most recently, by habitat fragmentation.
Conservation implications:
Knowledge of genetic diversity pattern of V. anisophyllum is critical for the conservation and utilization of the available genetic resources of this endangered plant species. Based on the current molecular analysis of its natural populations, it can be assumed that the conservation strategies should be oriented towards in situ protection from overexploitation. It is well known that plant metabolites have appeared over the course of evolution as plants adapted to their environments. Therefore, high-throughput efforts are required for further phytochemical analyses with individuals belonging to the Tsarvenyano habitat. This higherdensity population deserves special management, since it exhibited more genetic diversity and higher allelic richness, which increase its ability to adapt to changing environmental conditions.
Experimental
Study species: Verbascum is a genus of flowering plants belonging to the family Scrophulariaceae. The genus has palaeartic origin and consists of more than 360 species, native to Southeastern Europe and Southwestern Asia, with the highest species diversity in the Mediterranean [11] .
Plant material: In Bulgaria, the species occurs in Mt. Konyavska and numbers some 300 individuals on an area of about 20 ha near Tsarvenyano village and about 100 individuals on an area of 5 ha near Vukovo village (Figure 3 ). A small set of V. anisophyllum leaf samples were collected during the flowering stage (Table 3 ). The distance between the collected samples within the respective population was at least 5 m.
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ISSR analysis: Ten ISSR primers (Microsynth, Switzerland) were selected after screening 35 primers on a small subset of samples ( Table 4 ). The PCR and amplification product analysis followed [13] . Software data analysis: The ISSR were treated as dominant markers and each locus was considered as a bi-allelic locus with one amplifiable and one null allele. The well resolved and consistently reproducible amplified DNA fragments as bands were scored with regards to their presence (1) or absence (0). The assignment of ISSR bands to genetic loci was performed semiautomatically using the GelAnalyzer 2010a image analysis software (http://www.gelanalyzer.com). The binary data were used for determining the genetic diversity among the populations. Genetic diversity was measured based on the percentage of polymorphic loci (P) and Shannon's information index (SI) using GenAlEx v.6.5 [14a,14b] . A total of 10 independent runs were performed for each set with K ranging from 1 to 10, a burn-in algorithm was applied (1×10 5 interactions and 1×10 5 subsequent Markov Chain Monte Carlo steps) [14g] . The mean likelihood was plotted for each cluster L(K) against the cluster number (K). To establish the optimal number of clusters, the relationship between K and ∆K, the second order rate of change of the likelihoods, was plotted [14h]. The bestfit number of groupings was evaluated using ∆K by STRUCTURE HARVESTER v.0.6.8 [14i] .
